Introduction
Migraine is a primary brain dysfunction characterized by episodic activation and sensitization of the V C 2017 American Academy of Pain Medicine. All rights reserved. For permissions, please e-mail: journals.permissions@oup.com trigeminovascular pain pathway underlying headache attacks accompanied by symptoms related to visual, auditory, and olfactory hypersensitivity [1, 2] . The majority of migraine patients complain also of symptoms related to somatosensory hypersensitivity, such as the wellknown experience of pain worsening after light exposure [2] or, less frequently, the so-called cutaneous allodynia (CA) [3, 4] .
Somatosensory hypersensitivity has been recently explored by clinical [5, 6] , electrophysiological [7] , and neuroimaging [8] studies during noxious stimuli in migraine patients during both attacks [7, 9] and interictal periods [7] [8] [9] [10] . Although these studies can be considered inconclusive due to methodological bias such as the inclusion of patients taking migraine-preventive medications or with episodic and chronic migraine [11] [12] [13] , taken together they seem to support the presence of an abnormal pain threshold (PT) in migraine patients, likely related to different phases of the migraine cycle [14] , subtended by atypical recruitment of cortical and subcortical pain processing structures [7, 10] .
On the other hand, perceived pain intensity (PPI) assessments in migraine patients have produced conflicting results, probably due to several methodological constraints.
Therefore, the aim of the present study was to explore PPI using trigeminal heat stimulation (THS) at three different predefined intensities (41 C, 51 C, and 53 C) in three drug-naïve patient groups characterized by homogeneous migraine phenotypes-migraine without aura without cutaneous allodynia (MwoA CA-), MwoA with ictal CA (MwoA CAþ), and migraine with aura without cutaneous allodynia (MwA CA-)-compared with ageand sex-matched healthy controls (HCs). All patients were investigated during an interictal period to avoid confounds associated with migraine attack.
Our null hypothesis was that, in line with the well-known reduced PT in migraine patients due to abnormal processing of somatosensory stimuli, the PPI could be significantly lower in migraine patients during the interictal period, depending on disease severity, when compared with HCs.
Methods

Patient Population
According to the International Classification of Headache Disorders (ICHD-3 beta) criteria of the International Headache Society [15] and using the Allodynia Symptom Checklist 12 (ASC-12) [16] , a validated questionnaire to determine the presence and severity of CA symptoms during migraine attacks, we enrolled 35 consecutive Caucasian patients (30 women) with a diagnosis of episodic migraine without aura and without ictal CA (MwoA CA-) and 35 consecutive Caucasian patients (28 women) with a diagnosis of episodic migraine without aura and without CA during migraine attacks (MwoA CA þ ; we considered MwoA CAþ migraine patients as having an ASC-12 score of 3 or more). Furthermore, to evaluate the specific impact of aura phenomena on PPI [17] , 35 consecutive Caucasian patients (20 women) with exclusively MwA without CA (MwA CA-) were prospectively recruited.
Demographic data and migraine clinical features such as disease duration, frequency of attacks, frequency of migraine aura episodes, migraine disability (Migraine Disability Assessment Scale [MIDAS] score) and impact on daily life (by headache impact test [HIT-6]) scores, migraine attack intensity (by visual analog score [VAS]), and presence of CA during attacks (by ASC-12 score) were obtained from the patients (Table 1 ). All patients were right-handed and had a normal neurological examination. Patients were recruited from our outpatient headache clinic.
Exclusion criteria were presence of any other type of ICHD-III diagnosis (e.g., tension-type headache, chronic migraine, etc.), intake of daily medication, and somatic or psychiatric disorders (levels of depression and anxiety were assessed using the Hamilton Depression Rating Scale and the Hamilton Anxiety Rating Scale). To avoid any possible migraine or pharmacologically related interferences on PPI, patients were both migraine-free and not taking rescue medications for at least 48 hours before the day of the experiment. The patients had never taken migraine-preventive drugs in the course of their lives. Patients were interviewed 48 hours after the experiment to ascertain that they were also migraine-free in this period. Of the enrolled patients, one patient from the MwoA CA-group, four patients from the MwoA CAþ group, and three patients from the MwA CAgroup were excluded for experiencing a migraine attack during the follow-up period. Furthermore, one patient from the MwoA CAþ group and two patients from the MwA CA-group discontinued the examination because of intolerance of the stimulation paradigm. After exclusions, 34 patients with MwoA CA-, 30 patients with MwoA CAþ, and 30 patients with MwA were included in the final analyses.
Thirty age-and sex-matched, right-handed, Caucasian individuals were recruited as HCs via advertisements placed in the hospital (e.g., posters and flyers), via word-of-mouth referrals, and from a database of research volunteers maintained by the MRI Research Center of the University of Campania "Luigi Vanvitelli" (Table 1) .
Standard Protocol Approvals, Registrations, and Patient Consents
The experiments conformed to the principles of the Declaration of Helsinki and were approved by the ethics committee of the Second University of Naples. All participants provided informed, written consent after the experimental procedure had been explained.
Stimuli
THS was performed using the contact heat-evoked potential stimulator (CHEPS; Medoc Ltd, Ramat Yishai, Israel). The CHEPS has a probe with (at one end) a thermode area of 572.5 mm 2 and a heating thermo-foil (Minco Products Inc, Minneapolis, MN, USA), covered with a 25-lm layer of thermo conductive plastic (Kapton, thermal conductivity at 23 C of 0.1-0.35 W/m/ K), characterized by a rapid rising time at a high temperature (up to 70 C/s) developed to study pain activation related to the thermal and nociceptive pathways. Previous functional magnetic resonance imaging (fMRI) studies [18] mainly stimulated the first branch of the trigeminal nerve (V 1 ) alone or along with the second branch of the trigeminal nerve (V 2 ). Herein, we chose a selective stimulation within the receptive field of the maxillary division of the trigeminal nerve (V 2 ) to avoid interferences due to preferential V 1 first-order trigeminovascular neuron sensitization in the course of episodic migraine attacks [19] . Indeed, sensitization of the firstorder neurons provides the neural basis for the migraine headache that is localized in the oculo-fronto-temporal region in the majority of patients [20] . Patients were tested on the side more frequently affected during migraine attacks whereas the HCs were matched with regard to the side of the face tested in migraine patients. A low-innocuous stimulus at 41 C [21] and two painful heat stimuli at 51 C and 53 C (to provide moderatenoxious and high-noxious stimuli) were used [21, 22] . To minimize the effects of both phenomena of habituation and expectation, all experimental stimuli were given in random modality. The investigators were blinded to both the group to which the subjects belonged (i.e., MwA vs MwoA vs MwoA CAþ vs HC groups) and the intensity of the stimulus (i.e., 41 C vs 51 C vs 53 C).
Experimental Protocol
Migraine patients and HCs performed three consecutive experimental sessions for each of the three different thermal stimuli (41 C, 51 C, and 53 C). In each experimental session, by means of the thermode, 28 short thermal stimuli (600 ms) were applied in each of three sessions at three different intensities (41 C, 51 C, and 53 C) with a jittered interstimulus interval (ISI) of 14 6 1" (total session duration ¼ 7'45"). Prior to the experiment, outside the scanner, migraine patients and HCs were fully informed about the characteristics of the applied THS. After each experimental session, there was a delay of about 30" during which participants had to verbally rate the PPI of the experimental stimulus by means of a numerical rating scale (NRS) ranging from 0 ("no pain") to 10 ("worst pain imaginable"); the ratings were then logged in by the experimenter [23] .
Statistical Analysis
An a priori power analysis was performed with G*Power 3.1 by setting the following parameters: probability level (a) of 0.05, statistical power (1 -b) of 0. 
Results
Behavioral Data (Pain Ratings) Figure 1 shows the pain intensity ratings for the MwoA CA-patients, MwoA CAþ patients, MwA CA-patients, and HCs.
Correlation Analyses
The a priori power analysis revealed that at least 122 individuals for the Kruskal-Wallis test and 61 participants for the Spearman's correlation analysis were needed to attain a medium effect size at a statistical power of 0.80 As the proportion of females was higher compared with that of males among all groups (sex ratio ¼ 1:3 males to females), all analyses were run considering gender separation. Table 1 shows the descriptive statistics on clinical and demographics variables. Age at assessment, duration of disease, HIT-6, and VAS were not significantly different among the groups of participants. In contrast, the three groups of patients showed significant differences on the frequency of attacks during one year and MIDAS score.
Post hoc analysis with Bonferroni-adjusted P values showed that (Table 2) 1) the frequency of attacks in MwA CA-patients was significantly lower than in MwoA CAþ and MwoA CA-patients, but there was no significant difference in the frequency of attacks between MwoA CAþ and MwoA CA-patients; and 2) the MIDAS in MwA CA-patients was significantly lower than in MwoA CA-and MwoA CAþ patients, but no significant difference was found in MIDAS between MwoA CAþ and MwoA CA-patients. After the gender separation, the same results were roughly confirmed. In detail, no significant differences were observed between the four groups in the stimulus at 41 C or the stimulus at 51 C, while statistically significant differences for males were found in the stimulus at 53 C (Table 3) . Bonferronicorrected post hoc analysis (0.05/6 ¼ 0.008) showed that the PPI in MwoA CAþ patients was significantly lower than in MwA CA-patients (U test ¼ 9.5, P ¼ 0.006) in the stimulus at 53 C. No further significant differences were found (data not shown). As there were significant differences between the three groups of patients in the frequency of migraine attacks, we also ran the Quade's rank analysis of covariance [26] with the frequency of attacks as covariate, which basically confirmed the pattern above (Table 3) . Moreover, no significant correlations were found between clinical variables and the PPI of the THS at any level of experimental stimulus, also considering gender separation (Supplementary Table S1 ).
Discussion
In the present study, using three different THS (41 C, 51 C, and 53 C), we have demonstrated the absence of significant differences in PPI in MwoA CA-, MwoA CAþ, and MwA CA-patient groups when compared with each other and with HCs at any level of experimental stimulus. These results were confirmed both when the patients were separately evaluated considering the gender and when we partialled out the effect of the frequency of migraine attacks. It is well-known that the somatosensory hypersensitivity to painful stimuli, subtending a low PT, is a key feature of migraine patients during attacks [9, 27, 28] . This characteristic, in the recent years, has been explored by clinical [5, 6] , neurophysiological [7] , and functional brain imaging [8] approaches using noxious stimuli in migraine patients during the interictal period.
Schwedt and colleagues [5, 6] have demonstrated a lower trigeminal and extratrigeminal PT for thermal and mechanical stimuli in both episodic and chronic migraine patients compared with HCs showing a correlation with CA or distance from the next migraine attack. Also, a reduced PT for muscular pressure has consistently been observed in migraine patients [12] . Moreover, some authors [29] found a reduced trigeminal PT for mechanical but not for heat and electrical stimulations in migraine patients during the interictal period, whereas others suggested thermal pain hypersensitivity only in the premonitory phase of migraine [9, 30] . On the contrary, different observations did not show reduced PT for thermal [31] , pressure, or electric stimuli [32] in migraine patients. Interestingly, the lower PT in the migraine patients between attacks compared with HCs seems to be smaller than the differences observed comparing migraine patients during the interictal period with themselves during a migraine attack [28] . So far, the mechanisms underlying somatosensory hypersensitivity to painful stimuli and the consequently reduced PT in migraine patients are still unclear, although the pain processing pathway's hyperexcitability [9] as well as difficulties shifting the attention away from the pain experience have been invoked [8] .
However, it is important to underlie that PT is quite different from PPI. Indeed, the PT is the lowest stimulus intensity at which a subject perceives pain [33] . Contrarily, the PPI reflects a judgment (rating) about the magnitude of a pain-inducing stimulus [34] , and to the best to our knowledge, it has been poorly investigated in migraine patients [35] . Moreover, inconclusive results about PPI in migraine patients have been produced due to the small patient sample sizes, the use of different types of stimuli (i.e., thermal, pressure, electrical stimulations), different body sites used to test the stimulus, different definitions of "interictal period," and different inclusion/ exclusion criteria such as the use of migraine prophylactic medications and the inclusion of patients with different headache types.
For example, a significantly higher interictal PPI (using a suprathreshold electrical stimulation) has been demonstrated in the trigeminal but not in the extratrigeminal regions in a group of patients, including both those with MwoA and those with MwA, compared with HCs [27] . Contrarily, the absence of PPI differences between migraine patients and HCs has been supported by behavioral data collected during event-related neuroimaging studies using noxious heat stimuli, although based on small nonhomogeneous migraine patient populations. In a group including patients with MwoA and MwA, the PPI of a suprathreshold THS (i.e., "pain threshold þ 1 C") did not show significant differences when compared with HCs [36] . Similar findings were found in a small group of drug-naïve patients with MwoA using THS at three different predefined intensities (41 C, 51 C, and 53 C) when compared with HCs [17] . Surprisingly, a similar PPI has been observed in 20 migraine patients experiencing ictal CA as compared with HCs, as well as in drug-naïve patients with MwoA CAþ when compared with both drug-naïve patients with MwoA CA-and HC using predefined lowinnocuous, moderate-noxious, and high-noxious THS stimuli [37] . Likewise, Moulton and colleagues [22] , in a seminal BOLD-fMRI study on a course of painful stimulations, showed no differences in PPI during a suprathreshold heat stimulation in both trigeminal and extratrigeminal areas in a migraine group including both MwoA and MwA patients experiencing CA during an interictal period when compared with HCs. Similarly, the PPI of a suprathreshold THS did not show significant differences in migraine patients between ictal and interictal periods in a small and dysomogeneous group of episodic migraine patients experiencing generalized CA [36] . More recently, pain ratings data from an electrophysiological study using a predefined noxious stimulation (51 C) demonstrated a similar PPI in trigeminal and extratrigeminal regions between migraine patients and HCs [31] .
Altogether, our findings are in agreement with previous reports supporting that migraine "per se," independently from clinical phenotype (such as the presence or the absence of aura), disease severity (e.g., frequency of migraine, intensity of pain, disease duration, and the experience of allodynic symptoms during attacks, etc.), and somatic, psychiatric, or pharmacological interferences may be characterized by the PPI of THS similar to HCs. It is important to underline that none of clinical parameters of disease severity were different between the three migraine patient groups (MwoA CA-, MwoA CAþ, and MwA CA-) except for the frequency of lower migraine attacks (and consequently MIDAS scores) as these are general to the migraine population and the VAS of migraine attack intensity in MwA CA-patients. Interestingly, the PPI of THS in migraine patients was not correlated with migraine phenotype or clinical parameters of severity.
Although the exact mechanisms underlying a normal PPI in migraine patients are still unknown, it is possible that the well-known functional, structural, and microstructural abnormalities in brain regions involved in the processing of painful stimuli [18, 38] could be not affecting or only minimally influencing the PPI in migraine patients. This may depend on both the nature of the pain stimulus experienced and the involvement of selective regions or specific pain processing pathways (e.g., descending pain modulatory system and ascending talamo-cortical pathways) [39] . For example, it is known that atypical brain responses to sensory stimuli, the absence of the normal habituating response between attacks, and atypical functional and structural connectivity of sensory processing regions have been found in the anterior cingulate cortex (involved in the processing of phasic pain) [40] [41] [42] more frequently than in the posterior cingulate cortex (activated by experimental tonic pain stimuli) [41, 42] in migraine patients [18, 43] . It is noteworthy that in our study all subjects underwent a sequence of phasic thermal stimuli in randomized order, whereas the experimental paradigms so far used to explore the PT (pain stimuli started from a low temperature and slowly increased until the subjects indicated that they had reached their PT) look more likely as a progressive tonic pain stimulation. This could, at least partially, explain a previously reported normal judgment about the magnitude of a phasic pain stimulus coexistent with a low threshold for tonic pain in migraine patients during the interictal period [43] .
Nevertheless, we cannot rule out that a PPI of THS similar to HCs may represent an analgesic compensatory reorganization of pain processing regions, attempted by performing additional work to perceive pain in "a normal manner" (as revealed by the absence of significant differences in pain ratings) [39] . Furthermore, it is likely that a possible chronification phenomenon, producing reorganization of dynamic interaction among nociceptors [44] , neurotransmitters [45] , glial, neuronal, and endothelial cells [46] , receptive fields [47] , and higher cognitive and emotional functions [48, 49] , may impact more severely the pain processing pathways, with consequent PPI abnormalities in these patients [50] . Similarly, it is possible that psychiatric comorbidity and intake of migraine-preventive drugs in the course of patients' lives could play a role in the PPI abnormalities in migraine patients also during the interictal period.
Our study has two relevant advantages related to the inclusion criteria. Our data were obtained from a group of patients who were homogeneous for type of migraine (e.g., patients with only MwoA, MwA, and MwoA CAþ) and drug-naïve for preventive pharmacological therapies, thus suggesting that in the natural history of migraine, abnormalities in the PPI of THS during the interictal period are not present. As a consequence, we suggest that the present data are important to better understand the clinical spectrum and pathophysiological mechanisms of pain perception in episodic migraine. Moreover, in the present study, we evaluated the PPI using THS at three different predefined intensities whereas previous PPI observations were based on suprathreshold stimulations, determining in our opinion a consequent bias related to reduced PT in migraine patients. Nevertheless, we are aware that the present study is not exempt from some limitations. Patient groups were composed mainly of women as migraine is strongly related to gender, but this might also limit the generalizability of the results. Moreover, in the present study, we used heat stimulations, and we are aware that mechanical, electrical, and cold cues could have provided wider and more systematic insights on PPI in migraine. Furthermore, we have explored the PPI of THS in migraine patients during a migraine-free period not considering the time from the last and the next migraine attack, and for this reason, we cannot demonstrate a relationship between the PPI of THS and the migraine cycle [51] . Finally, a statistically significantly lower PPI was observed for the male MwoA CAþ group compared with the MwA CA-group in the stimulus at 53 C. However, these differences disappeared after correcting for migraine attack frequency. Moreover, the small size of the male subsample, and consequent low statistical power, reduces the likelihood that a statistically significant result could reflect a true effect. It is undoubted that further studies should be performed to confirm and extend our observations.
In conclusion, the present findings have refuted our hypothesis and the previous hypotheses of others, demonstrating that episodic migraine patients did not exhibit differences in the PPI of THS when compared with HCs, independent of phenotype, migraine severity, and somatic, psychiatric, or pharmacological interferences.
We believe that deeper insights into pain perception in migraine patients are crucial for the comprehension of more complex central processing of internal and external pain stimuli, and that further information is needed to better understand neurophysiological and neuroimaging interpretation of sensitization, hypersensitivity, and chronification mechanisms in migraine.
